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Abstract 

Natural dyes are witnessing rapid growth in textile application in recent years because of their biodegradability and 

environment friendliness. In this research work natural dye was extracted from camphor plant in alkaline medium of extraction 

and was applied on wool fabric on exhaust dyeing process. Three mordanting techniques (pre-mordanting, meta-mordanting, 

and post-mordanting) were employed using aluminum potassium sulfate, ferrous sulfate, and zinc sulfate as mordants. The 

dyeing was conducted with and without metallic salt mordants. The color of dyed wool was investigated in terms of the 

CIELAB (L*, a*, b*, C*, and H*) and color strength (K/S) values. The color fastness to washing, light, and crocking of the 

dyed samples were measured according to ISO 105 C06, ISO 105-B02: 1994, and AATCC Test Method 8-2007, respectively. 

Optimum results were achieved when dyeing at 90°C for 60 min and at pH 4. wool fabric dyed without mordant had a shade of 

reddish-brown, while those mordant with aluminum potassium sulfate, and zinc sulfate produced a variety of pale to dark 

reddish color shades. However, ferrous sulfate mordant gives duller and darker shade. The color fastness to washing was fair to 

good, whereas the color fastness to light was poor to fair, and colorfastness to crocking was good to excellent. The SEM 

analysis showed a very little damage to dyed wool samples at temperature near to boiling. The UV protection and antimicrobial 

property of the wool dyed with plant extract was studied. The results showed that the fabric samples treated with extract have 

excellent UV protection properties and are very effective in blocking UVA and UVB radiations. The fabric dyed with natural 

extract has tremendous antimicrobial activity which was proved by bacterial reduction in quantitative tests whereas the 

antibacterial activity of the control fabric was negligible. 
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1. Introduction 

The word ‘natural dye’ covers all the dyes derived from the 

natural sources like plants, animal and minerals. Most of the 

natural dyes are non-substantive and must be applied on 

textiles by the help of mordants, usually a metallic salt, having 

an affinity for both the coloring matter and the fiber. Transition 
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metal ions usually have strong coordinating power and capable 

of forming week to medium attraction/interaction forces and 

thus can act as bridging material to create substantivity of 

natural dyes/colorants when a textile material being 

impregnated with such metallic salt (i.e. mordant) is subjected 

to dyeing with different natural dyes, usually having some 

mordantable groups facilitating fixation of such colorants. 

These metallic mordants after combining with dye in the fiber, 

it forms an insoluble precipitate or lake and thus both the dye 

and mordant get fixed to become wash fast to a reasonable 

level [1]. 

Natural dyes are less toxic, biodegradable, and anti-allergic 

than synthetic dyes, and considered environmentally friendly. 

The global demand for natural dyes per year is 10,000 tonnes 

which is equal to 1% of the total world synthetic dyes 

consumption [2, 3]. Natural dyes are known for their use in 

dyeing of food substrate, leather, wood as well as natural fibers 

like wool, silk, cotton and flax as major areas of application 

since ancient times. Although this ancient art of dyeing with 

natural dyes withstood the ravages of time, a rapid decline in 

natural dyeing continued due to the easy availability of 

synthetic dyes at an economical price. However, even after a 

century, the use of natural dyes never erodes completely and 

they are still being used in textile industry and functional 

textile application. Thus, natural dyeing of different textiles 

and leathers has been continued mainly in the decentralized 

sector for specialty products along with the use of synthetic 

dyes in the large scale sector for general textiles owing to the 

specific advantages and limitations of both natural dyes and 

synthetic dyes. The use of non-toxic and eco friendly natural 

dyes on textiles has become a matter of significant importance 

because of the increased environmental awareness in order to 

avoid some hazardous synthetic dyes. The production of 

synthetic dyes is dependent on petrochemical source, and some 

of these dyes contain carcinogenic amines [4]. The application 

of such dyes causes serious health hazards and influences 

negatively the eco-balance of nature. Moreover, many 

countries already imposed stringent environment standards 

over these dyes. For instance, Germany has banned the Azo 

dyes production [5]. However, worldwide the use of natural 

dyes for the coloration of textiles has mainly been confined to 

craftsman, small scale dyers and printers as well as small scale 

exporters and producers dealing with high valued ecofriendly 

textile production and sales and production of functional 

textiles [6]. At the present time, the use of natural dyes in 

textile application is witnessing very rapid growth. This is 

mainly attributed to strict environmental standards set by many 

countries to avoid the health hazards associated with synthetic 

dyes used in textiles. The recent ban on the use of Azo dyes by 

the European Union has also increased the scope for the use of 

natural dyes [7]. 

1.1. Tallow 

Botanical Name: Triadica Sebifera. 

Chinese tallow too famous as Florida aspen, and gray 

popcorn tree. Eastern Asia is the native place of tallow tree 

and also linked with eastern China, Taiwan and Japan. 

Candle and soap is made by waxy layer of the carnal and 

herbal medicine is prepared from the plants of the tree. The 

toxic amount of the flower is sap and leaves, and the plant 

decaying leaves are deadly to other types of plant. ”wax-

bearing” is the term. 

1.1.1. Components Oils of Tallow 

Two oil bearing components are inherent in the tallow seed. 

One is waxy aril known as “tallow layer”, and the other is nut 

or seed. A hard seed coat keeps the two components 

separated. The tallow layer lipids composition is same as to 

coco butter. Higher percentage of oily acids inherent in 

kernel oil, predominately 18:1. Kernel oil also contains 

stearic mordant and linoleic acid [8] 

1.1.2. Active Ingredient and Substance 

The components of Tallow tree seeds:  

27-33% Aril (tallow) and 55-80% fats,  

29-35% kernel and 53-64% fats,  

36-41% seed coat. For subsequent lipid extraction, collected 

kernels can be resourcefully separated into `seed` and `wax 

layer` by proprietary process.  

75% fats and 25% stringy material can be found by flush 

abstraction of the candlewax layer.  

Previous experiments tell that this fiber is primarily a 

hemicellulose of pentose sugars, possibly xylene. 

Triglycerides of Tallow layer: 64% oleodipalmitin,  

13% stearodipalmitin, 8% tripalmitin, 8% oleopalmitostearin 

and others. 

The Tallow shrub timber holds very high lignin and is very 

hard when dehydrated. It is used to make outmoded 

production blocks, equipment and cabinetry [9]. 

1.1.3. Application of Tallow Plant 

Tallow is an ordinary product with many solicitations in old-

fashioned and current medications. Traditionally, Tallow has 

been used as a cold medicine. The tallow trees seed rich in 

phospholipids well-matched for the production of biodiesel. 

This long-lived plant has legitimate potential to supply the 

biodiesel industry with critical feedstock at low-cost unpaid to 

its high seeds yield. Its easily adapt with infertile, drizzly or 

salty soils for profitable agriculture. The germs oil produced 

from seed. It is considered as ventilation oil and polymerize 
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(hardened) when uncovered to air. For wood finish and paint 

additive it can be functional. The kernel oil is used to assembly 

ink and lamp oil in Asia. It’s gaining recognition as a premium 

feedstock for biodiesel production. For making traditional 

printing blocks, equipment and cabinetry tallow tree wood is 

rummage-sale in China. For chipboard manufacture wood is 

used in US. To produce candles, soap, lamp oil and cooking 

fuels seeds used in China. The principle ingredient of China 

ink is kernel oil. By using leaves and bark with the help of 

mordant black dye can be formed which is cast-off for dying 

wool. For erosion control in ancient china the tree was 

extensively established along banks and rice embankments. 

After removing the oil the remaining seed meal was a principle 

foundation of nourishment in rice paddies. Due to Tallow trees 

rapid growth and reduction shade it is widely planted as 

ornamental purpose in the Southeast. Tallow trees are popular 

honey plants. Tallow trees is extensively used to defend the 

constituency from natural disasters like flood, drought, and 

hurricane. Because of sap components, Tallow trees have few 

insects’ pests [9] 

1.1.4. Other Common Names for Tallow 

Tallow tree have some different names as like as chicken 

tree, popcorn tree, white waxberry, Florida aspen and 

vegetable tallow, Boire (to drink). Arbol del sebo. wu bai 

(black cypress, or blackbird tree), candleberry tree 

1.1.5. Description 

The tallow tree is an associate of the Lauraceae or the laurel 

intimate. It is an perennial shrub that can spread up to 40 

meters in tallness and animate to be bigger than 1000 years 

old. It has a wide distribution covering and a dumpy, dense 

shaft with a border up to 5 meters. 

The bark is uneven and greyish-brown and the leaves are 

alternate and glossy green. The branches bear clusters of 

small yellow and white plants shadowed by black fruits that 

comprehend one small tallow seed [10] 

1.1.6. Plant Parts Used 

Tallow a green crystalline ketone known as 2-bornanon and 

commonly called Triadica sebifera obtained from completely 

fragments of the tree Triadica sebifera. Attach below Figure 1 

for chemical component found in tallow plant. 

O

2-bornanon  

Figure 1. Chemical Component found in tallow plant. 

Alcohol, and oils and other two are quite toxic. Tallow can 

also be acquired from some other related trees in the laurel 

family, like East African sebifera (Ocotea usambarensi) or 

from plants from completely different plant families like 

Triadica sebifera [10]. 

1.1.7. Extraction and Uses 

All fragments of the tallow tree have secretory cells 

comprehending unpredictable oil which develops when it 

comes in communication with air. In the past the total tree 

was operated in the extraction of the oil, usually from trees 

that were at least 50-60 years old. tellow tree have many uses 

as like as furniture from tallow wood, oil from tallow seed 

1.1.8. Medicinal Uses of Tallow Tree in the 

Past 

Once tallow was used as a peripheral pain remedy for 

shiners, abrasions, tenderness, gout and inflexible linkages, 

and inside to treat frenzy, epilepsy and heart associated 

sickness. Furthermore, it was rummage-sale in enrage form 

as a treatment for asthma, bronchitis, emphysema and other 

respiratory ailments. 

1.1.9. Modern Day Medicinal Uses 

Nowadays, tallow is mostly used in unguents and lotions for 

inflexible pain, neuralgia, pain, sore physiques, injures, 

bruises and discolorations. In addition, is also used as an 

insect repellent. 

1.2. UV Fortification of Natural Dyes 

Infrared contamination (UVR) is the key environmental 

cause for skin damage. UVB exposure to anthropological 

covering encourages skin alterations, including erythema, 

which is characteristic of sunburn cells, and prolonged UVB 

exposure results in the formation incidence of skin cancer 

would eventually decrease significantly [11]. So it is 

necessary to improve the UV-protection performance of the 

military uniforms. The equipment of infrared camouflage 

uniforms with high performance not only increases the 

chance of survival and safety of militaries in the 

battleground, but also supports the battle usefulness of the 

army. Through years, the art of camouflage has been long 

established, the main aim was to make soldiers, their guns, 

and vehicles, etc. intermingling into the environments by 

adopting confusing patterns in colors appropriate to the 

surroundings. With the advent of IR detection systems it 

developed essential to take into account the IR reflectivity of 

paints and garments in the near IR region (700-1200 nm). 

Therefore, it converted compulsory for camouflage patterns 

to be painted or printed with selected dyes and pigments 

having IR reflectivity that matched the expected surrounding 

topography [12]. 
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Table 1. Natural dyes obtained from different parts of plants. 

Color Botanical name Parts used Mordants 

Red dye Safflower Carthamus tinctorius L. Flower – 

Caesalpinia Caesalpinia sappan L. Wood Alum 

Madder Rubia tinctorium L. Wood Alum 

Log wood Haematoxylon campechianum L. Wood – 

Khat palak Rumex dentatus L. Wood Alum 

Indian mulberry Morinda tinctoria L. Wood Alum 

Kamala Mallotus philippinensis Muell. Flower Alum 

Lac Coccus lacca Kerr. Insect Stannic chloride 

Yellow dye    

Golden rod Solidago grandis DC. Flower Alum 

Teak Tectona grandis L.f. Leaf Alum 

Marigold Tagetes sp. Flower Chrome 

Saffron Crocus sativus L. Flower Alum 

Flame of the forest Butea monosperma (Lam) Taubert. Flower Alum 

Blue dye Indigo Indigofera tinctoria L. Leaf Alum 

Woad Isatis tinctoria L. Leaf – 

Sunt berry Acacia nilotica (L.) Del. Seed pod – 

Pivet Ligustrum vulgare L. Fruit Alum and iron 

Water lily Nymphaea alba L. Rhizome Iron and acid 

Black dye Alder Alnus glutinosa (L.) Gaertn. Bark Ferrous sulphate 

Rofblamala Loranthus pentapetalus Roxb. Leaf Ferrous sulphate 

Custard apple Anona reticulata L. Fruit – 

Harda Terminalia chebula Retz. Fruit Ferrous sulphate 

Orange dye Annota Bixa orellena L. Seed Alum 

Dhalia Dhalia sp. Flower Alum 

Lily Convallaria majalis L. Leaf Ferrous sulphate 

Nettles Urtica dioica L. Leaf Alum 

 

2. Experimental 

2.1. Material and Equipment 

Caustic soda (NaOH)  

Acetic Acid (CH3COOH) 

Aluminum Potassium Sulfate (AlK(SO4)2.12H2O)  

Ferrous sulfate (FeSO4.7H2O) 

Zinc Sulfate (ZnSO4.7H2O) 

Sodium Chloride (NaCl) 

Sodium Carbonate (Na2CO3) 

Detergents (Alconox) 

Plain fabric 120gsm (100%Wool) 

Electric heater for heating of mixture 

Electric grinder for grinding of leaves 

Electric oven for drying 

Rotary evaporator for evaporation 

Spray drying machine for separation of solid from liquid 

Tester for determine the resistance to bacteria 

Washing fastness tester to determine resistance to washing 

 

2.2. Extraction of Dyes 

The dye extraction was achieved by tallow solutions and 6% 

NaOH solution in purified water in the weight ratio of 1:20 

and steaming for 1.5 hr. After that, the consequential solution 

was filtered to remove the residue and the dye solution. To 

achieve a standard standardization curve, the crude dye 

extract was later ground and diluted with purified water. 

Temperature, dyeing time, pH and dye concentration are the 

four different dyeing conditions were taken.  

Extraction Ratio = ER = (Wo – W1)/Wo * 100 

Wo = Weight of before extraction,  

W1 = Weight of after extraction 

ER = (20 – 14.5)/20 * 100 = 27.5% 

2.3. Dyeing Procedures 

To consider the effect of dyeing temperature, wool fabrics 

were dyed at four changed temperatures, i.e. 60°C, 70°C, 80°C, 

90°C using diluted solution of extract. The extract was diluted 

with water, extract to water ratio of 50:50. The liquor to goods 

ratio of 1:20, and pH = 4, time 60 min. The pH was maintained 

by using CH3COOH and pH meter. To consider the effect of 

dyeing time, wool fabrics were dyed in four changed time 

intervals (40, 50, 60, 70, min) at 90°C temperature, using the 

ratio of liquor 1:25 at pH=4. The extract to water ratio of 50:50 

was used. To consider the result of dyeing liquor ratio, at four 

different liquor ratios wool fabric was with the tallow plant 
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extract dye solution in dye bath as 1:15, 1:20, 1:25, 1:30, at 

90°C and pH = 4, for 60 min. To consider the influence of 

dyeing pH, wool fabric was dyed with the tallow extract dye 

solution in dye bath at five different pH values of 5, 6, 7, 8, 

and 9 at a liquor ratio of 1:25, at 90°C for 60 min. 

2.4. Mordanting 

To consider the consequence of mordanting, three altered 

mordanting procedures were used, i.e. pre-mordanting, 

simultaneous mordanting, and post-mordanting. Zinc sulfate 

mordants were employed. In instance of pre-mordanting 

method, wool fabric was impregnated in a 35 g L-1 of 

mordanting key at a liquid ratio of 1:20, at 60°C for 20 min 

before dying. For the post-mordanting procedure, the dyed 

illustrations were cooled washed after dyeing with cold 

water, and soaped with 5 g L-1 detergent (Alconox) for 10 

min at 70°C at liquor ratio of 1:20, and finally bathed with 

cold water and dried in oven.  

2.5. Fastness Testing 

Light fastness was tested according to ISO 105-B02: 1994. 

Rubbing fastness was tested according to AATCC test Method 

8-2005. Wash fatness was carried out according to ISO 105 

C06. The samples were washed at standard solution at 60°C 

for 30 min and dried at 60°C to check the wash fastness. [5]
  

2.5.1. Ultraviolet Protection Test (UPF) 

The fabric samples were then conditioned and tested for their 

UPF on Spectronic Camspec M550 double beam scanning 

spectrophotometer with integrated sphere according to 

AATCC 183 standard testing method. The spectrophotometer 

was known to have photometric range of 0-200% 

transmittance and photometric accuracy greater than 0.5% at 

0.5A, 1A and 2A. This test method allows determining the 

UPF of a fabric by taking the ratio of irradiance (at a 

detector) of erythmally weighted UV without a specimen and 

with specimen. Moreover, it determines the percent bloking 

in UV-A and UV-B region using equation 1 and 2.  

Percent	UVA	Blocking = 100% − �∑ . T. ∆	ʎ����� !"	��∑ . ∆	ʎ����� !"	��
# 

Percent	UVA	Blocking = 100% − �∑ . T. ∆	ʎ !"��$%�	��∑ . ∆	ʎ !"��$%�	��
# 

2.5.2. Antimicrobial Testing 

Bacterial Strains 

The antibacterial activity of wool fabrics dyed with natural 

colorant from camphor plant leaves was investigated using 

AATCC 100-2004 test method. The evaluation was carried 

out with Staphylococcus aureus a Gram-positive bacterium, 

Escherichia coli a Gram negative bacterium, and Candida 

albicans a gram positive fungus. These three organisms are 

reference strains used for antimicrobial susceptibility testing. 

The reference strains were cultured on nutrient agar (Wuhan, 

Hubei, China) and incubated aerobically at 37°C overnight. 

Percentage Reduction Test (AATCC 100- 2004) 

The bacterial suspension of a known concentration and the 

specimens of the test material were shaken, and the reduction 

in bacterial activity in standard test time (18 hours) was 

measured. The efficiency of the antimicrobial treatment was 

measured by calculating the reduction in bacterial 

concentration of the treated sample with that of control sample 

expressed as a percentage reduction in standard test time. 

% Reduction = [(A-B)/A] x 100 

Where A and B are the surviving bacterial cells (CFU/ml) for 

the flasks containing the control (blank wool fabric) and test 

samples (natural dye treated wool fabric), respectively. 

2.5.3. Light Fastness 

ISO 105-B02: 1994 

The determination of Color fastness to bright test is to 

determine how much the color will fade when unprotected to 

a known day light source. The testing will be done step by 

step. The steps for test specimen below: 

Cut the every piece of test specimens according to the length 

& width and attached with the specimen holder. 

Then the specimen holder set into the Microsol tester. 

Then the experiment will continue for 6 hours. 

After 6 hours need to put out from the light fortress tester. 

Then the test sample will compare with the Grey scale. 

Light Fastness rating below table 2. 

Table 1. Light fastness rating. 

Grade Degree of Fading Light Fastness Type 

8 No fading Outstanding 

7 Very slight fading Excellent 

6 Slight fading Very good 

5 Moderate fading Good 

4 Appreciable fading Moderate 

3 Significant fading Fair 

2 Extensive fading Poor 

1 Very extensive fading Very poor 

2.5.4. Color Fastness to Rubbing 

AATCC Test Method 8-2005 

At least (2.0-5.1 inches) and position of samples for testing 

preferably Lower the covered finger onto the test specimen. 

Starting with the finger placed. For staining the rubbing 

fastness values goes from 1-5, the best sample will be given 5 

values and the poorest with 1.  
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2.5.5. Color Fastness Test to Washing 

ISO 105 C06 

Washing fastness method given below: 

After sample bulk collection, make it conditioning for 4 to 6 

hours  

Making a specimen of 04 cm*10 cm in size. 

Making the explanation of 4 gm/liter ECE detergent and 1 

gm/liter sodium perborate, and putting the specimen with 

multi-fiber fabric into the solution in Rotawash machine.  

Washing at 60°C at 30 min time. 

Sample wash by hand 

Sample drying is completed at least 60°C a temperature 

Table 3. ISO washing fastness method. 

Method Sodium Perborate ECE Phosphate Time (min) Temperature (°C) Steel balls 

ISO 105 C06 1 g/l 4 g/l 30 60 ± 2 Nil 

 

The washing fastness rating will be given from (1-5), 1 value 

for poor or no wash fastness and 5 for excellent wash 

fastness. 

2.5.6. Color Strength Measurement 

Color yield (K/S): 

We consider separately the downward (incident) and upward 

(reflected) mechanisms of the incident light beam, assuming 

that the immersion factor is represented by K and the sprinkle 

measurement by S. 

For color strength measurement widely used Kubelka–Munk 

expression. Figure 2 shown below for L* a* b* Measurement 

The Kubelka-Munk equation is: K/S = (1- 0.01R)
2
 / 2(0.01R) 

Where: K and S are the concentration coefficient and 

scattering coefficient of a colorant at a given wavelength and 

R is reflectance. 

 

Figure 2. L* a* b* Measurement. 

CIE L* CIE a* CIE b* CIE C* CIE H* 

The a* axis is green at one extremity (represented by -a), and 

red at the other (+a). 

The b* axis is blue at one extremity (-b), and yellow (+b) at 

the other.  

0 is The center of each axis.  

L*C*H*  

It is more correctly known as L*C*H*.  

 

Here are three  

axes; L* and C* and H*.  

L* axis characterizes Lightness.  

The C* axis characterizes Chroma or "saturation".  

H* for Hue.  

2.5.7. Ultraviolet Protection Test (UPF) 

The material examples were then accustomed and tested for 
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their UPF on scanning of double beam  

Spectronic Camspec M550  

On spectrophotometer with integrated sphere affording to 

AATCC 183 standard testing method. The spectrophotometer 

was known to have photometric range of 0-200% 

transmittance and photometric accuracy greater than 0.5% at 

0.5A, 1A and 2A.  

Percent	UVA	Blocking � 100% � &∑ .'.∆	ʎ())*+,-.	*+
∑ .∆	ʎ())*+,-.	*+

/        (1) 

Percent	UVA	Blocking � 100% � &∑ .'.∆	ʎ,-.*+01)	*+
∑ .∆	ʎ,-.*+01)	*+

/      (2) 

3. Results and Discussion 

3.1. Tallow Extracts Analysis: Absorbance 
Spectrum 

UV radiations depends on the absorb ability of plant. The 

absorption percentage is maximum at wavelength of 200-220 

nm and goes down to 0 as the wavelength increases shown 

below in figure 3. 

 

Figure 3. Absorbance spectrum. 

3.2. FTIR Analysis 

The IR spectrum of tallow plant leaf extract is shown in Figure 4. The possible functional groups present in tallow leaf extract 

are presented in Table 4. 

 

Figure 4. IR Spectrum (powder form). 
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Table 4. Possible purposeful groups present in the tallow extract. 

Region (cm-1) Group Possible Compounds Present (or Absent) 

3700-3100 

-OH Alcohol, aldehyde, carboxylic acids 

-NH Amides, amines 

≡C-H Alkynes 

3100-3000 
=C-H Aromatic compounds 

-CH2 or –CH=CH- Alkenes or unsaturated rings 

3000-2800 -CH, -CH2-, -CH3 Aliphatic groups 

 
-SH Mercaptans and thiols 

-PH Phosphine 

2400-2000 

-C≡N Nitriles 

-N=N+=N- Azides 

-C≡C- Alkynes 

1870-1650 C=O Acid halides, aldehydes, amides, amino acids, anhydrides, carboxylic acids, esters, ketones 

1650-1550 C=C, C=N, NH Unsaturated 

1550-1300 
NO2 Nitro compound 

CH3 and CH2 Alkanes, alkenes, etc 

1300-1000 
C-O-C and C-OH Ethers, alcohols, sugars 

S=O, P=O, C-F Sulphur, phosphorus, and fluorine compounds 

1100-800 Si-O and P-O Organosilicon and phosphorus compounds 

1000-650 
=C-H Alkenes and aromatic compounds 

-NH Aliphatic amines 

800-400 
C-halogen Halogen compounds 

Aromatic rings Aromatic compounds 

 

3.3. Wool Fabric Testing 

3.3.1. Color Strength and Fixation Values 

The K/S values show significant increase with decrease in 

pH values. Fixation %age is minimum at high pH. The fibers 

having amide or amine groups will be dyed in deep shades at 

pH values below neutral and will give more K/S values. The 

case for fixation percentage is similar with pH as more the 

dyes attraction towards the fiber more will be fixation 

percentage and vice versa. The change in K/S after soaping 

off and dyeing, and the fixation % are given in the table 5. 

Table 5. Effect of Dyeing pH on K/S and Fixation percentage. 

Dyeing pH 
K/S after 

Washing 

K/S after 

Dyeing 
Fixation %age 

pH = 4 7.6242 7.8900 96.6312 

pH = 5 5.1275 5.4500 94.0826 

pH = 6 4.6953 4.9800 94.2831 

pH = 7 3.6475 3.7900 96.2401 

pH = 8 3.5460 3.8100 93.0709 

The K/S values show increase with increase in dyeing time 

because when more time is available for dyes to enter the 

fiber amorphous regions the more will be the K/S value. The 

fixation percentage also increases with increase in dyeing 

time. The change in K/S after soaping off and dyeing, and the 

fixation % are given in the table 6. 

Table 6. Effect of Dyeing time on K/S and Fixation percentage. 

Dyeing Time 

(min) 

K/S after 

Washing 

K/S after 

Dyeing 
Fixation %age 

30 2.2772 2.4100 5.5104 

40 3.9582 4.2100 5.9810 

50 4.3971 4.6500 5.4387 

60 4.9553 5.1000 2.8373 

The K/S values show increase with increase in dyeing 

temperature from 60-100°C because the literature shows at 

temperature near to boiling the more dyes will enter the 

amorphous regions of the fiber. The more dye entered to 

amorphous regions the more will be its fixation percentage 

and vice versa. The change in K/S after soaping off and 

dyeing, and the fixation % are given in the table 7. 

Table 7. Effect of Dyeing temperature on K/S and Fixation percentage. 

Dyeing 

Temperature (°C) 

K/S after 

Washing 

K/S after 

Dyeing 
Fixation %age 

60 3.0399 3.4100 89.1466 

70 4.7886 4.9900 95.9639 

80 5.1859 5.4100 95.8577 

90 5.6055 5.9100 94.8477 

100 5.7823 5.8700 98.5060 

The K/S values increases with increase in liquor to goods ratio. 

The color strength is directly proportional to the increase in 

liquor ratio upto certain limit. Fixation percentage also 

increases with liquor ratio. The change in K/S after soaping off 

and dyeing, and the fixation % are given in the table 8. 

Table 8. Effect of Dyeing Concentration on K/S and Fixation percentage. 

Dyeing L:R 
K/S after 

Washing 

K/S after 

Dyeing 
Fixation %age 

1:10 1.8621 1.9700 94.5228 

1:20 1.9113 2.1000 91.0143 

1:30 2.6249 2.8300 92.7527 

1:40 4.4927 4.9300 91.1298 

1:50 5.0620 5.7200 88.4965 

With increase in dyeing time the K/S values increases. The 

more shade is obtained by giving more dyeing time. The 

fixation percentage didn’t show any clear behavior in its 

values. The change in K/S after soaping off and dyeing, and 
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the fixation % are given in the table 9. 

Table 9. Effect of different mordanting techniques on K/S and 

Fixation %age. 

Dyeing time 

(min) 

Type of mordant 

Pre-M 

K/S after 

Washing 

K/S after 

Dyeing 

Fixation 

%age 

 60 FeSO4.7H2O 2.6249 2.8300 7.2473 

70 FeSO4.7H2O 3.4576 3.5400 2.3277 

80 FeSO4.7H2O 3.9347 4.0600 3.0862 

90 FeSO4.7H2O 4.2627 4.7600 10.4475 

100 FeSO4.7H2O 5.0620 5.7200 11.5035 

110 FeSO4.7H2O 5.1328 5.4200 5.2989 

3.3.2. Wool Fabric CIE L*a*b* and C* H* 

Measurement 

The lightness L* values decreases with decrease in pH, as 

K/S increases the L* decreases and vice versa. When a* is 

towards extreme minimum it shows green tone and when 

towards extreme maximum shows red tone. The a* values are 

towards positive side shows that samples are in redder side. 

As pH decreases the sample goes from redder to redder. 

When b* is towards extreme minimum it shows blue tone 

and when towards extreme maximum is shows yellow tone. 

The b* value shows that the dyed samples are towards yellow 

side. The Chroma C* and Hue H* values show that the color 

falls in the range of red green. Table 10 shows the effect of 

pH on the CIE lab values of wool dyed fabric samples. 

Table 10. Effect of pH on CIE L* a* b* and C* H*. 

Dyeing 

pH 
CIE L* CIE a* CIE b* CIE C* CIE H* 

pH = 4 50.63 4.96 26.67 27.13 79.47 

pH = 5 54.71 6.53 25.15 25.99 75.45 

pH = 6 56.02 6.72 25.10 25.99 75.01 

pH = 7 59.50 6.28 24.54 25.33 75.65 

pH = 8 59.77 6.45 24.41 25.25 75.21 

More dyeing time gives deeper shades. The Hue is in the red 

to green region. CIE b* values shows the tone is towards 

yellow side. Table 11 shows the effect of dyeing time on the 

CIE lab values of wool dyed fabric samples. 

Table 11. Effect of Dyeing time on CIE L* a* b* and C* H*. 

Dyeing 

Time (min) 
CIE L* CIE a* CIE b* CIE C* CIE H* 

30 65.21 11.46 24.05 26.64 64.52 

40 59.48 4.92 24.78 25.26 78.77 

50 55.49 7.25 23.62 24.71 72.94 

60 53.56 7.31 23.15 24.27 72.47 

The high temperature shows deeper and shades with less 

lightness values. The color saturation or color purity decreases 

as the temperature increases. The Hue is in the range of red 

and green. Table 12 shows the effect of dyeing temperature on 

the CIE lab values of wool dyed fabric samples 

Table 12. Effect of Dyeing temperature on CIE L* a* b* and C* H*. 

Dyeing 

Temperature 

(°C) 

CIE L* CIE a* CIE b* CIE C* CIE H* 

60 64.52 3.97 25.64 25.94 81.19 

70 54.28 4.04 22.48 22.84 79.81 

80 53.00 3.68 22.30 22.60 80.62 

90 51.21 5.01 21.95 22.52 77.14 

100 50.52 4.49 21.56 22.02 78.22 

High dye concentration gives deeper shades. The hue falls in 

the range of green and red. Table 13 shows the effect of dye 

liquor ratio on the CIE lab values of wool dyed fabric 

samples 

Table 13. Effect of Dye concentration on CIE L* a* b* and C* H*. 

Dyeing 

Concentration 
CIE L* CIE a* CIE b* CIE C* CIE H* 

1:10 65.66 2.83 18.49 18.70 81.29 

1:20 65.16 2.89 18.40 18.62 81.08 

1:30 65.23 -0.50 20.64 20.65 91.38 

1:40 56.45 6.21 24.87 25.63 75.98 

1:50 52.44 4.31 21.21 21.64 78.51 

The higher dyeing time gives deeper shades. The hue falls in 

the range of green and red. Table 14 shows the effect of 

FeSO4.7H2O mordanting time on the CIE lab values of wool 

dyed fabric samples. 

Table 14. Effect of Mordanting technique on CIE L* a* b* and C* H*. 

Dyeing time (min) Type of mordant Pre-M CIE L* CIE a* CIE b* CIE C* CIE H* 

60 FeSO4.7H2O 65.23 -0.50 20.64 20.65 91.38 

70 FeSO4.7H2O 61.93 5.98 26.61 27.27 77.34 

80 FeSO4.7H2O 58.20 7.78 24.94 26.12 72.67 

90 FeSO4.7H2O 55.40 3.73 21.76 22.08 80.28 

100 FeSO4.7H2O 52.44 4.31 21.21 21.64 78.51 

110 FeSO4.7H2O 55.06 7.33 25.82 26.84 74.14 

 

3.3.3. Wool Color Fastness 

For change in pH, the wash fastness is excellent, light fastness 

is fair to good for 6 hours testing, wet rubbing fastness is good 

to excellent, and dry rubbing fastness is excellent. The overall 

color fastness is found to be very good. Table 15 shows The 

Effect of Dyeing pH on Colorfastness values. 

Table 15. Effect of pH on Colorfastness. 

Dyeing 

pH 

Wash 

fastness 

Light 

fastness 

Wet Rubbing 

fastness 

Dry Rubbing 

fastness 

pH = 4 4-5 4-5 4-5 4-5 

pH = 5 4-5 4-5 4-5 4-5 

pH = 6 4-5 3-4 4-5 4-5 

pH = 7 4-5 3-4 3-4 4-5 

pH = 8 4-5 3-4 3-4 3-4 
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For change in time, the wash fastness is excellent, light 

fastness is fair to good for 6 hours testing, wet rubbing fastness 

is good to excellent, and dry rubbing fastness is excellent. The 

overall color fastness is found to be very good. Table 16 shows 

The Effect of Dyeing time on colorfastness values. 

Table 16. Effect of Dyeing Time on Colorfastness. 

Dyeing 

Time (min) 

Wash 

fastness 

Light 

fastness 

Wet 

Rubbing 

fastness 

Dry 

Rubbing 

fastness 

30 3-4 3-4 3-4 4-5 

40 4-5 3-4 4-5 4-5 

50 4-5 3-4 4-5 4-5 

60 4-5 4-5 4-5 4-5 

Table 17. Effect of Dyeing Temperature on Colorfastness. 

Dyeing 

Temperature 

(°C) 

Wash 

fastness 

Light 

fastness 

Wet 

Rubbing 

fastness 

Dry 

Rubbing 

fastness 

60 3-4 3-4 3-4 4-5 

70 3-4 3-4 4-5 4-5 

80 4-5 3-4 4-5 4-5 

90 4-5 4-5 4-5 4-5 

100 4-5 4-5 4-5 4-5 

For change in dyeing temperature, the wash fastness is 

excellent, light fastness is fair to good for 6 hours testing, wet 

rubbing fastness is good to excellent, and dry rubbing 

fastness is excellent. The overall color fastness is found to be 

very good. Table 17 shows The Effect of Dyeing Temperature 

on Colorfastness values. 

For change in liquor ratio, the wash fastness is excellent, 

light fastness is fair to good for 6 hours testing, wet rubbing 

fastness is good to excellent, and dry rubbing fastness is 

excellent. The overall color fastness is found to be very good. 

Table 18 shows The Effect of Dyeing Concentration on 

Colorfastness Values. 

Table 18. Effect of liquor ratio on colorfastness. 

Dyeing 

L:R 

Wash 

fastness 

Light 

fastness 

Wet Rubbing 

fastness 

Dry Rubbing 

fastness 

1:10 3-4 3-4 3-4 4-5 

1:20 4-5 3-4 4-5 4-5 

1:30 4-5 4-5 4-5 4-5 

1:40 4-5 4-5 4-5 4-5 

1:50 4-5 4-5 4-5 4-5 

For change in dyeing time using pre-mordanting technique, 

the wash fastness is excellent, light fastness is fair to good for 

6 hours testing, wet rubbing fastness is good to excellent, and 

dry rubbing fastness is excellent. The overall color fastness is 

found to be very good. Table 19 shows the effect of mordant 

and dyeing time on Colorfastness values. 

Table 19. Effect of Mordant and Dyeing time on colorfastness. 

Dyeing time (min) Type of mordant Pre-M Wash fastness Light fastness Wet Rubbing fastness Dry Rubbing fastness 

 60 FeSO4.7H2O 4-5 3-4 4 4-5 

70 FeSO4.7H2O 4-5 3-4 4 4-5 

80 FeSO4.7H2O 4-5 3-4 4 4-5 

90 FeSO4.7H2O 4-5 3-4 4 4-5 

100 FeSO4.7H2O 4-5 3-4 4 4-5 

110 FeSO4.7H2O 4-5 3-4 4 4-5 

 

3.3.4. Scanning Electron Microscopy 

Analysis of Dyed Wool 

The undyed wool and dyed wool shows difference in SEM 

analysis. The dyed fabric shows the white particles which are 

expected to provide help in imparting the antimicrobial and 

UV protection property to the wool. The SEM scans are 

shown in Figure 5. 
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Figure 5. (a) Wool undyed (b) Wool undyed (c) Wool dyed (d) Wool Dyed. 

4. Conclusion 

Tallow tree dry leaves extract dyed wool fabric displayed 

worthy to exceptional. However; overall wash fastness was 

rated good. UV-blocking properties of wool fabrics treated 

with extracts from the tallow plant were considered in this 

work. Extracts showed excellent UVA and UVB blocking 

when applied on wool fabrics. The complexity of dye 

molecules hinders intimate understanding of the binding 

mechanism between dye and substrate or the precise role of the 

mordant in fixing the dye. Hence there is ongoing research in 

this area in terms of determining the optimum amount of 

mordant required and developing a theory that explains the 

precise role of the mordant. Finally, it is clear that this dyestuff 

can be used in exchange of reactive dyes. The extracts 

displayed excellent antibacterial activity against all three test 

organisms used. These results clearly demonstrate that 

utilizing extracted natural colorants as dyeing materials 

significantly facilitate obtaining quality fabrics having dye 

ability, ultraviolet protection and antibacterial properties 
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